Reinforced concrete frame buildings with Open Ground Story (OGS) are one of the most common building configurations in urban habitat. These configurations are known to be vulnerable to seismic excitations, primarily due to the sudden loss in strength in the ground story and differential stiffness distribution throughout the structure. The differential stiffness distribution is attributed primarily to the interaction of non-structural infill wall with the moment-resisting frame. Hence, the interaction of infill wall needs to be accounted in estimating the seismic vulnerability. Therefore, the present investigation is focused on understanding the impact of utilizing real ground motion records on the performance assessment of RC buildings with and without consideration of infill walls. Fragility curves were developed for low and mid-rise structural models using Capacity Spectrum Method (CSM) specified by ATC-40 and with Incremental Dynamic Analysis (IDA). CSM uses the response spectrum specified by the respective code, unlike IDA where an ensemble of spectrum compatible real ground motion accelerograms satisfying the necessary site conditions is used in assessing the performance. Further, significant variations observed in the developed fragility curves by CSM and IDA emphasizes the sensitivity of real ground motion data in performance assessment.
A B S T R A C T
Reinforced concrete frame buildings with Open Ground Story (OGS) are one of the most common building configurations in urban habitat. These configurations are known to be vulnerable to seismic excitations, primarily due to the sudden loss in strength in the ground story and differential stiffness distribution throughout the structure. The differential stiffness distribution is attributed primarily to the interaction of non-structural infill wall with the moment-resisting frame. Hence, the interaction of infill wall needs to be accounted in estimating the seismic vulnerability. Therefore, the present investigation is focused on understanding the impact of utilizing real ground motion records on the performance assessment of RC buildings with and without consideration of infill walls. Fragility curves were developed for low and mid-rise structural models using Capacity Spectrum Method (CSM) specified by ATC-40 and with Incremental Dynamic Analysis (IDA). CSM uses the response spectrum specified by the respective code, unlike IDA where an ensemble of spectrum compatible real ground motion accelerograms satisfying the necessary site conditions is used in assessing the performance. Further, significant variations observed in the developed fragility curves by CSM and IDA emphasizes the sensitivity of real ground motion data in performance assessment. doi: 10 analyses are being carried out on a bare moment-resisting frame subjected to seismic forces, neglecting the contribution of non-structural infill wall. The infill wall contributes for increase in stiffness of the structure and plays a critical role in performance of reinforced concrete (RC) building structures, which are a common sight in urban habitat. During the past seismic events i.e., Latur (1993), Jabalpur (1997), Bhuj (2001) and Indonesia (2004), it has been established that the failure of these non-structural infill walls is the primary source of casualties, owing to sudden change in mass and stiffness characteristics in the ground story. In general, the prevalent design practices tend to ignore the influence of the infill stiffness in the upper stories of the building, thereby paving the way for the disaster. The ground story columns need to be specifically designed for increased bending moments and shear forces to remain functional. Further, different approaches for modelling the infill wall contribution has been reported in literature, and it has been found that modelling the infill wall as strut action gives sufficiently accurate results. Hence, in this investigation, infill wall contribution is modelled as a diagonal strut member as per IS 1893 (Part 1): 2016 [8] .
Several approaches have evolved in developing the seismic fragility curves for a given intensity measure with respective advantages and limitations [9] [10] [11] . In this study Capacity Spectrum Method (CSM) specified by ATC-40 [12] and Incremental Dynamic Analysis (IDA) developed by Cornell [13] has been used for developing the fragility curves. CSM approach is simple to implement and gives sufficiently accurate results in case of regular structural configurations. An attempt has been made in this work to understand the influence of real earthquake ground motion records in predicting or assessing the damage characteristics of a structure. This is carried out by selecting several ground motion data as per the characteristics of the chosen site. Further, seismic vulnerability assessment of the structural models is modelled with and without infill and analyzed using CSM, and IDA approaches [13, 14] . Seismic vulnerability of a structure is defined as proneness to damage under seismic excitation for a given intensity measure [1, [15] [16] [17] [18] [19] [20] . It is expressed as a relationship between intensity measure and damage measure. Moreover, fragility curves developed using both CSM and IDA approaches clearly depict the performance of the structural models for various limit states. The variability of the fragility curves pronounces the influence of real ground motion record in assessing the behavior of the structure.
STRUCTURAL MODEL
Regular and symmetrical RC ordinary moment resisting frame models (OMRF) with and without infill walls located in seismic zone III [8] , as depicted in Figure 1 were considered for assessing the seismic performance. These configurations are modelled as regular with lowrise (3 stories) and mid-rise (6 stories), which are also referred as G+2 (Ground + 2 stories) and G+5 (Ground + 5 stories) respectively, consisting of five bays in the X and Y directions. Finite element modelling of the geometry (column, beam and roof diaphragm) and seismic analysis of these structural models are carried out using SAP2000 [21] . Plastic hinge behavior of structural members i.e., beams (M3 hinges) and columns (P-M2-M3 hinges) are defined as per FEMA 356 [22] . Reinforced concrete degradation behavior under cyclic, loading is modelled using Takada hysteresis model depicted in Figure 2 [23] . Further, the stress-strain behavior of confined concrete is modelled using Mander material model [24] . The geometrical and material characteristics for the structural models are shown in Table 1 . Interaction of infill wall with the RC frame is modelled as 'equivalent diagonal strut' using empirical equations given below as per IS 1893 (Part 1): 2016 [8] in which, the ends of the diagonal strut are pin-jointed with the RC frame and the thickness and modulus of elasticity of the equivalent strut are the same as that of the infill.
DEVELOPMENT OF FRAGILITY CURVES

1. Fragility Curve Generation using the IDA
IDA is the non-linear dynamic analysis, which is carried out by considering different Scaled earthquake ground motions for different peak ground accelerations (PGA) up to the failure of structure. This method involves scaling of each ground motion into a set until it causes collapse of structure [16] . In this approach, a suite of code-based spectrum compatible ground motions scaled to various PGAs have been considered. Several seismic codes recommend a minimum of three or seven sets of ground motions to provide a more accurate estimate of the engineering demand parameters (EDPs), (ATC 1996, UBC 1997, IBC 2000, FEMA-356, EC8, NEHRP 2005, and ASCE 2006). Further, most of the available literature, have either used an ensemble of three sets of accelerograms or seven sets of accelerograms for performance assessment using IDA [12, 22, [25] [26] [27] . Therefore, a set of seven ground motions records with respective Record Sequence Numbers (RSN) as per PEER database are chosen as shown in Table 2 , satisfying the following criteria: (i) shear wave velocity (Vs,30) in the range of 200-400m/s and (ii) Earthquake magnitude ranging from 6 to 8. These ground motions were made compatible with the response spectrum from IS 1893 (Part 1): 2016 [8] . An ensemble of accelerograms is chosen to include the intrinsic uncertainties associated with the seismic ground motions (i.e., amplitude, frequency and significant duration). The obtained timehistory data were incrementally scaled with respect to peak ground acceleration from 0.05 g to 1 g at an increment of 0.05 g. For each scaled time-history data, non-linear direct-integration time-history analysis was carried out to evaluate the displacement response of the frames for the corresponding input ground motion. Interstory drift ratios of the structural models are calculated as intensity measure (IM), and IDA curves are developed. IDA curves plotted between PGA and maximum interstory drift ratios (IM) as shown in Figures 3 and 4 .
Considering the IDA curves generated, the fragility parameters (i.e., the mean 'μ' and standard deviation 'σ' values) are computed as per ATC 40 [12] for different damage states are shown in Table 3 , which are further used to compute the probability of exceedance as per the equation is given below:
Fragility curves depicted as a plot of the probability of exceedance of damage (PGA) for a given damage measure (Inter-story drift ratio is developed using spreadsheet from the seismic response given by SAP2000 is shown from Figures 5 and 6 . 
2. Fragility Curve Generation using the CSM
Fragility curves were developed using the CSM approach specified in ATC 40 [15] . The capacity of the structure and its performance for various damage states were assessed by performing a non-linear static analysis on the structural model. The outcome of non-linear static analysis is a capacity curve, a plot between base shear and roof displacement. Further, the yield spectral displacement and ultimate spectral displacement were obtained from the bi-linearization of capacity curves in Acceleration Displacement Response Spectrum (ADRS) format [4] . The fragility parameters, spectral displacement (Sd,dsi) and standard deviation (βdsi) estimated from the bilinear capacity curve are shown in Table 3 . Fragility curve for a given damage state dsi is defined by lognormal probability density function given below and the developed fragility curves are shown in Figures 7 and 8. (4)
RESULTS AND DISCUSSION
1. Influence of Infill Wall on the Seismic Behavior
Comparing the fragility curves developed for BF and OGS structural models using both CSM and IDA approaches, significant variations in damage probability of OGS can be observed of the order of more than 10% compared to BF model for extensive and collapse limit states. This signifies the sensitivity of interaction of the infill wall with the bare frame during seismic excitations. Hence, the interaction of infill wall needs to be considered in vulnerability assessment of RC building structures. 
2. Influence of Real Ground Motion Data
Fragility curves are generated considering the response spectrum specified by IS 1893 (Part 1): 2016 for type 1 soil profile using CSM. Fragility curves were also developed using a suite of accelerograms specified in Table 2 with IDA. Further, Fragility curves generated by both approaches are compared to understand the sensitivity of real ground motion records in characterizing the performance of Indian code designed RC buildings. These are described as damage probability matrices for particular damage state (Slight, Moderate, Extensive, and Collapse as S, M, E, and C). The probability of exceedance for different damage states with respect to PGA values obtained using both the approaches is shown in Tables 4-5. The structural model is considered to be located in seismic zone III which can have likelihood of occurrence of PGA values of around 0.16g during the lifetime of a structure. Hence, the PGA values of 0.1g and 0.2g are chosen in this investigation. Further, to understand the sensitivity of ground motion data, the discrete damage probability matrices were developed for different damage states considering PGA (g) of 0.1g and 0.2g, which are derived from fragility curves represented in Figures 5 to 8 .
The following can be observed from damage probability matrices shown in Tables 4 and 5 for different damage states, developed using CSM and IDA approaches:
•
The CSM approach appears conservative in predicting the damage pertaining to Slight and Moderate damage states, whereas the variations were found to be of the order of around 20% when computed using IDA approach. • This study necessitates the importance of real ground motion data in characterizing the damages of RC structures. Since most of the Indian code designed RC structures have been reported to suffer damages in slight and moderate limit states during past earthquake studies, it is beneficial to consider the real earthquake data suitable to the characteristics of the proposed location for analysis and subsequent design. • The average variation between the probabilities of exceedance for S, M, E, and C damage states determined using the CSM and the IDA are 17%, 31%, 40%, and 14%, respectively. • The effect of infill wall in OGS frames is also evident from the results, which is higher in the case of low-rise frames (5-25%) than that in case of midrise frames (5-10%). • From Table 3 , it can be noted that in the CSM approach, the standard deviation parameter is higher than that of IDA leading to increase in probability of exceedance of damage in CSM compared to IDA. • The probabilities of exceedance computed for different damage states using CSM are significantly higher (of the order of 15-30%) compared to those computed using IDA. This signifies the conservativeness pronounced by CSM in predicting the damages, thereby leads to uneconomical design.
• The sensitivity of interaction of infill wall with the bare frame can be noted in terms of variations in probabilities of exceedance for various limit states. This behavior is in line with the observations made on the behavior of the infill wall in the literature during past earthquakes.
CONCLUSION
The present investigation focused on understanding the impact of utilizing the real ground motion records on the performance assessment of RC buildings with and without consideration of infill walls. Fragility curves were developed for the structural models using Capacity Spectrum Method (CSM) specified by ATC-40 and with Incremental Dynamic Analysis (IDA). It can be observed that the average variation between the probabilities of exceedance for S, M, E, and C damage states determined using the CSM and the IDA are 17%, 31%, 40%, and 14%, respectively. This clearly pronounces the necessity of using real ground motion data wherever possible. The sensitivity of interaction of infill wall with the bare frame can be noted in terms of variations in probabilities of exceedance for various limit states as discussed. This emphasizes accounting of infill wall interaction in vulnerability assessment of structures. These are in line with the observations reported in literature during past earthquakes. Hence, it is recommended to utilize the real earthquake data wherever possible for more accurate seismic analysis and performance characterization of structures thereby leading to economical design. 
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